OBJECTIVE: Human adenovirus Ad-36 induces adiposity and lowers total serum cholesterol in chickens, mice and marmosets and Ad-36 antibodies are associated with human obesity. We examined the early effects of Ad-36 inoculation on plasma cholesterol levels in hamsters fed a hyperlipidemic diet. DESIGN: A total of 32 male Golden Syrian hamsters were divided into two equal weight-matched groups and intranasally inoculated with Ad-36 (INF: infected) or media (CON: control). In each group, the animals were fed either a purified diet (PF, n ¼ 8) 40%en fat 7194 mg cholesterol/1000 kcal or chow (C, n ¼ 8) ad libitum. Animals were killed 5 weeks postinoculation. RESULTS: Nested PCR assay detected Ad-36 DNA in the lung, liver, visceral adipose tissue and skeletal muscle of the INF group, but not in the CON animals. Ad-36 antibodies were detected in the INF group only. For all animals, total plasma cholesterol (TC) was not significantly affected by Ad-36 treatment (203792 vs 193775 mg/dl, P ¼ NS; INF vs CON, respectively). In 5 weeks, Ad-36 infection had no effect on TC concentration in hamsters fed chow (128739 vs 130727 mg/dl, INF-C vs CON-C, respectively) or those fed PF (269770 vs 256747 mg/dl, INF-P vs CON-P, respectively). However, lipoproteins isolated by density gradient ultracentrifugation showed a greater proportion of LDL cholesterol in INF animals, as compared to CON (28.471.6% vs 16.471.2%, P ¼ 0.02), regardless of dietary treatment (INF-P vs CON-P: 27.372.1 vs 15.771.5%, P ¼ 0.07; and INF-C vs CON-C: 29.471.2 vs 17.071.1%, P ¼ 0.009). This shift appears to be from HDL cholesterol to the LDL fractions. CONCLUSION: These data suggest that in the hamster (a model resembling several aspects of human lipoprotein metabolism), Ad-36 infection may acutely affect the intravascular processing of lipoproteins resulting in a more atherogenic lipoprotein profile.
Introduction
Etiology of obesity is multifactorial, ranging from genetic to behavioral causes. Although six viruses are reported to promote obesity in animal models (review-1 ), little consideration is given to viral infections as causative or contributory factors for obesity. Lyons et al. 2 described the first animal model of virus-induced obesity. Canine distemper virus (CDV), which is similar to human measles virus, produced obesity in 15-20% of mice surviving the infection. Next, the obesity promoting potential of Rous Associated virus-7 (RAV-7) and Borna Disease Virus was identified. 3, 4 Subsequently, SMAM-1, an avian adenovirus and Adenovirus type 36 (Ad-36), a human adenovirus, were shown to induce adiposity and hypolipidemia in experimentally infected animals. [5] [6] [7] [8] The two adenoviruses were also associated with increased body weight and reduced serum lipid levels in humans. 9 About 30% of the obese individuals tested positive to Ad-36 but only 11% of nonobese individuals had antibodies to Ad-36. 9 The obese antibody-positive humans were significantly heavier and had significantly lower serum cholesterol and triglyceride when compared to their antibody-negative counterparts. 9 Lower serum cholesterol and triglyceride has been a consistent marker for adenovirus-induced adiposity. For instance, the Ad-36-infected animals had a 127% greater visceral fat and 46% greater total body fat, but about 15 and 22% lower serum cholesterol and triglycerides, respectively. 6 These observations from different types of experiments, when taken together, suggest lipid modulating characteristic of adenoviruses. Characterizing the effect of Ad-36 on lipids is an important first step in elucidating the significance of the observation in humans. Previous studies in mice and marmosets were of 6-month duration 6, 8 and gave no information about the serum lipoprotein composition changes or the time of onset of such modulation. Hamsters are considered a good model for studying changes in lipids. 10 Therefore, in the current study, we used a hamster model to determine the relatively acute effect of Ad-36 infection on serum lipoprotein composition. We hypothesized that hamsters could be used in future experiments to further characterize the effect of Ad-36 on lipids and lipoprotein composition.
Methods
Animals, diet, and study design In total, 32 male Golden Syrian hamsters (Misocreicetus auratus, Lakeview strain) were obtained from Charles River Laboratories (Lakeview, MA, USA) and housed in microisolator cages in a biosafety level two containment. All hamsters were acclimatized and fed rodent lab chow ad libitum for 1 week with free access to water. At the end of this week, hamsters were randomized into two weight-matched groups (control: CON and infected: INF, n ¼ 16 per group). Next, animals were inoculated intranasally with 1.8 Â 10
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PFU of Ad-36 virus (INF group) or 200 ml of sterile media for the CON group. Eight hamsters from each of the INF and the CON groups were switched to a nutritionally complete, high-cholesterol-purified diet after an additional week (INF-P and CON-P groups, respectively). Diet was pelleted by Dyets Inc. (Bethlehem, PA, USA) and the composition is listed in Table 1 . The remaining animals from the infected and the control groups continued on the chow diet (INF-C and CON-C, respectively). The animals were weighed weekly and food disappearance was measured three times a week.
After 28 days of inoculation and an overnight fast, animals were anesthetized with ketamine/Xylazine (200 mg/kg body weight, i.p.) and killed following exsanguination. Livers and intraperitoneal fat pads were removed and weighed. In addition, about 1 g each of lung tissue and skeletal muscle samples (right thigh) were obtained, and flash frozen in liquid nitrogen. Plasma was isolated from the blood and aliquots were used for determining antibodies to Ad-36. Owing to the limited sample availability, the remaining plasma samples from two cage mates were pooled and centrifuged to isolate and quantitate various lipoprotein fractions as described below.
Techniques and assays
Tissue culture techniques A549 cells (human bronchial carcinoma cells) obtained from American Type Culture Collection (ATCC, Mannasas, VA, USA) were used to grow Ad-36. Minimum essential media Eagle (MEM) (cat# M0643, Sigma chemicals) with nonessential amino acids, Earl's salts, L-glutamine, 10% fetal bovine serum (FBS), 2.9% NaHCO 3 (v/v), pH 7.4, were used for growing the cells.
Virus growth
Human adenovirus-36 (Ad-36, ATCC # VR-913) was obtained from ATCC and plaque purified to ensure genetic homogeneity. Work stock was grown on A549 cells (ATCC) in 75 cm 2 tissue culture flasks at 0.1 multiplicity of infection, and 90% destruction of the cells was observed due to cytopathic effect (CPE) after about 10 days as described earlier. 6 
Virus assays
Tissue culture infectivity dose 50 (TCID 50 ). This assay was used to determine the titer of the work stock that caused CPE in 50% of the wells containing A549 cells. The titer was expressed as tissue culture infectivity dose (TCID50 units per ml). TCID-50 was calculated by serially diluting the virus stock solution (10-fold) and inoculating cells with the dilutions to determine the reciprocal of the highest dilution of virus which causes CPE in 50% of the cells inoculated. Titers were calculated after the cells inoculated with the virus dilutions were incubated at 37 o C for 8 days.
Plaque forming unit assay. Titers of Ad-36 virus were determined in A549 cells by this assay as described earlier. 6 The number of plaques formed, multiplied by dilution of viral suspension used gave PFU/100 Ul of inoculum used. This was multiplied by a factor of 10 to express PFU/ml.
Serum neutralization assay for detecting antibodies. The absence of CPE of the virus on A549 cells in the presence of the test plasma was considered an indication of an effective Diets prepared and pelleted by Dyets Inc., Bethlehem, PA, USA. This diet was offered to the INF-P and CON-P groups.
Adenovirus Ad-36 and hamster lipoproteins M Kapila et al neutralization of the virus and the plasma was considered to contain antibodies against the virus. Plasma was heat inactivated for 30 min at 56 o C. The assay was carried out using 96-well plates. Serial two-fold dilutions of plasma were made with media and 50 ml of each dilution was added per well in duplicate. 50 ml of Ad-36 virus (100 TCID 50 ) was added to each dilution. The plates were incubated at 371C for 1 h. A 100 ml of cell suspension was added to each well and the plates were incubated at 371C for 12 days, fixed with crystal violet stain and the CPE was determined. The highest serum dilution with no CPE was considered the titer. Controls included wells containing no virus with serum. A back titration confirmed the use of the appropriate virus dilutions. Antibody titer of Z1:8 was considered as positive.
Nested PCR assay for detection of Ad-36 DNA Four primers were designed, each unique for regions of the Ad-36 gene, for use in nested PCR detection of viral DNA. The DNA was isolated using a QIAamp Tissue Kit (Qiagen, Valecia, CA, USA Cat# 29304). Negative PCR controls were water and DNA from uninfected hamster tissue sample. Positive PCR control was DNA from Ad-36-infected hamster tissue samples. The sequence of primers were outer forward primer (5'GTCTGGAAAACTGAGTGTGGATA), outer reverse primer (5 0 -ATCCAAAATCAAATGTAATAGAGT), inner forward primer (5 0 -TTAACTGGAAAAGGAATAGGTA), inner reverse primer (5 0 -GGTGTTGTTGGTTGGCTTAGGATA). The DNA was denatured for 2 min at 951C and subjected to 35 cycles of PCR (941C for 1min, 551C for 1 min, 721C for 2 min) followed by incubation at 721C for 5 min. PCR products were visualized on a 1% agarose gel with a size marker.
Assays for cholesterol and lipoprotein
Plasma cholesterol and lipoprotein fractions were assayed enzymatically (Sigma Diagnostics, St Louis MO, USA cat #. 352) using appropriate calibrators (Cholesterol calibrators (Sigma cat#. C 7921), Cardiolipid control (Sigma cat # C.4571)).
Lipoprotein separationFdiscontinuous density gradient ultracentrifugation (DDGUC)
Initially, lipoproteins were isolated by density gradient ultracentrifugation, using a discontinuous five-step gradient, 11 to determine the appropriate density weights for hamster lipoprotein. About 28 fractions were obtained per sample and the cholesterol content in these fractions were determined using the enzymatic kits described above. Based on density and cholesterol content, the fractions were categorized as VLDL (fractions 1-6), LDL (fractions 7-10) and HDL (fractions [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Cholesterol contents of the fractions were expressed as % of summative cholesterol in fractions 1-22 and plotted. Also, the relative distribution of cholesterol in VLDL, LDL and HDL fractions of the INF and CON groups was compared.
Statistical analysis
The means of infected groups were compared with those of the control groups using Student's t-test. Also, the effect of Ad-36 infection in groups receiving purified diets as well as the chow diet was compared separately. Data was represented as mean7s.d.
Results

Confirmation of viral infection
Blood drawn 14 days and 5 weeks postinoculation demonstrated neutralizing antibodies to Ad-36 in the 16 Ad-36-inoculated hamsters, but not in the uninfected controls. The nested PCR assay detected Ad-36 DNA in all of the lung, liver, skeletal muscle and adipose tissue samples of the Ad-36-inoculated animals, but not in the uninfected controls ( Figure 1 ).
Body weight of hamsters
The mean baseline body weights were 10174 and 10175 g for the INF and CON groups, respectively (P ¼ NS). At the end of 5 weeks, the body weights of INF and CON groups (n ¼ 16 each) were 110714 and 12278 g (P ¼ 0.014), respectively, and INF-C and CON-C groups (n ¼ 8) weighed 9873 and 11979 g (P ¼ 0.0001), respectively, while body weights of hamsters on INF-P and CON-P (n ¼ 8) were 12377 and 12476 g (P ¼ NS), respectively ( Table 2) . Body weight of all hamsters on purified diet was 123.576.6 while the hamsters on chow weighed was 108.376. The purified diet was a highfat, high-cholesterol diet designed to mimic a western diet (40%en fat, 194 mg cholesterol/1000 kcal).
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Food intake
The cumulative food intakes for the 5-week period of the INF and CON groups were 169760 and 167737 g (P ¼ NS), Adenovirus Ad-36 and hamster lipoproteins M Kapila et al respectively. INF-C and CON-C groups (n ¼ 8) had a mean food intake of 11879 and 141735 g (P ¼ NS) and that for INF-P and CON-P groups (n ¼ 8) were 222717 and 192715 g (P ¼ NS), respectively. The food intake of animals on purified diet was 206.5716, whereas animals on chow had an intake of 129.5722 (Table 2) .
Plasma total cholesterol
Total plasma cholesterol of the INF and the CON groups did not differ significantly. Also, the dietary treatment did not influence plasma total cholesterol in presence or absence of Ad-36 infection (128739 vs 130727 mg/dl, INF-C vs CON-C, respectively, P ¼ NS) or (269770 vs 256747 mg/dl, INF-P vs CON-P, respectively, P ¼ NS) ( Table 3) . The HDL-fraction had the largest proportion of cholesterol in both INF and the CON groups ( Figure 2 , Table 4 ). The proportion of cholesterol (and the concentration mg/dl) in HDL-C fraction in INF and CON groups were 4872% (3572) and 6274% (10377), respectively. INF-C and CON-C had 5772% (13706) and 6874% (4173), respectively, while INF-P and CON-P had 3971% (5772) and 5774% (164711), respectively. The proportion of cholesterol in the LDL fractions was significantly higher in INF group 28.471.6% (2572) vs the CON group 16.471.2% (2972) (P ¼ 0.02). INF-C and CON-C had 29.571.2% (770.04) and 17.071.1% (1471) LDL-C, respectively (P ¼ 0.009) (Figure 2 ), while INF-P and CON-P had 27.372.1% (4374) and 15.772% (4474) LDL-C (Figure 2, Table 4 ), respectively.
Discussion
There are about 50 types of human adenoviruses maintained by the American Type Culture Collection (ATCC). Adenoviruses are naked DNA viruses with icosahedral symmetry and a diameter of 65-80 nm. 13 All adenoviruses exhibit the same morphology, have a similar chemical composition, replicate in the cell nucleus, and tend to be host speciesspecific. There are six major subgroups among the 50 human adenoviruses maintained by the ATCC. Each subgroup has a number of specific types. Ad-36 belongs to subgroup D, type 36. Ad-36 was first isolated in 1978 in Germany from the feces of a 6-year-old girl with diabetes and enteritis. 14 In humans, adenoviruses are frequently associated with acute upper respiratory tract infections, and may cause enteritis and conjunctivitis. Adenovirus infections are transmitted via respiratory, fomite, droplet, venereal and fecaloral routes. About 8% of the virus infections reported worldwide were due to adenoviruses. 13, 15 The lipid lowering effect (decreased total cholesterol and triglycerides) of Ad-36 in mammals was observed in previous experiment of relatively long duration, that is, about 6 months. 6, 8 Although total cholesterol decreased, it is not known whether this was associated with an improved plasma lipid profile reflected by decreased LDL cholesterol and/or increased HDL cholesterol. Also, the acute effects of Ad-36 on plasma cholesterol were not ascertained. The objective of the current experiment was to study Ad-36-induced acute changes in lipoprotein composition in a suitable mammal model. Hamsters have been widely used for investigating the effects of dietary fat and cholesterol on plasma lipoprotein metabolism as they share several similarities with human lipoprotein metabolism, 10, 16 and were therefore our model of choice.
To observe the effect of Ad-36 on hamsters, it was necessary to demonstrate that hamsters can be infected with the virus. In the current study, the presence of Ad-36 neutralizing antibodies and the viral DNA in the tissue (1), (2) were significantly different from each other (Po0.05). A total of 32 golden Syrian hamsters were divided into two weight-matched groups of 16 each, (INF and CON). The INF group was infected with Ad-36 virus and the CON group was the uninfected control. The two groups were further subdivided in two groups, based on a purified diet (INF-P and CON-P) or chow (INF-C and CON-C). The animals were killed 5 weeks post inoculation. CON) . The INF group was infected with Ad-36 virus and the CON group was the uninfected control. The two groups were further subdivided in two groups, based on a purified diet (INF-P and CON-P) or chow (INF-C and CON-C). The animals were killed 5 weeks postinoculation. Plasma cholesterol concentrations were determined enzymatically.
Adenovirus Ad-36 and hamster lipoproteins M Kapila et al CON) . The INF group was infected with Ad-36 virus and the CON group was the uninfected control. The two groups were further subdivided in two groups, based on a purified diet (INF-P and CON-P) or chow (INF-C and CON-C). The animals were killed 5 weeks postinoculation. Lipoproteins were isolated by density gradient ultracentrifugation using a discontinuous five-step gradient exactly as described by Goulinet and Chapman. 11 For each group, lipoproteins (n ¼ 8) were isolated from plasma, pooled from two animals. Based on density and cholesterol content, of about 28 fractions obtained, fractions 1-6 were designated as VLDL, fractions 7-10 as LDL and fractions 11-22 as HDL. Cholesterol contents of the fractions were expressed as % of summative cholesterol in fractions 1-22. The relative distribution of cholesterol in VLDL, LDL and HDL fractions of the INF and CON groups was plotted. CON) . The INF group was infected with Ad-36 virus and the CON group was the uninfected control. The two groups were further subdivided in two groups, based on a purified diet (INF-P and CON-P) or chow (INF-C and CON-C). The animals were killed 5 weeks postinoculation. Lipoproteins were isolated by density gradient ultracentrifugation using a discontinuous five-step gradient exactly as described by Goulinet and Chapman. 11 Based on density and cholesterol content, of about 28 fractions obtained, fractions 1-6 were designated as VLDL, fractions 7-10 as LDL and fractions 11-22 as HDL. Cholesterol contents of the fractions were expressed as % of summative cholesterol in fractions 1-22. For each group, lipoproteins (n ¼ 8) were isolated from plasma, pooled from two animals.
Adenovirus Ad-36 and hamster lipoproteins M Kapila et al samples of the infected hamsters demonstrate that hamsters can be infected with the human adenovirus Ad-36. Except for a reduced activity for 1-2 days postinoculation, Ad-36 did not cause severe symptoms in any of the study animals. No unintentional mortality was observed. Previous studies using mammals such as mice and marmosets showed a significant increase in body weights after a study period of 6 months. 6, 8 As expected, Ad-36-induced adiposity was not observed in hamsters in the short study duration of 5 weeks. Long-term effects of Ad-36 on adiposity in hamsters would be the subject of a separate investigation.
This study was designed to assess the acute effects of Ad-36 on plasma lipoprotein composition of hamsters in the presence and absence of hypercholesterolemia. As expected, animals on purified diet had significantly higher food intake, body weight, visceral fat and total cholesterol, in both, control and the infected groups. No significant reduction in total cholesterol with Ad-36 infection was observed over 5 weeks. This is not unexpected, considering the 10-12 weeks of response time required to reflect changes in hamster lipoproteins. 10 Interestingly, the infected animals had higher levels of LDL cholesterol and a lower proportion of HDL cholesterol regardless of the dietary treatment. The mechanism for this shift is unknown. Ad-36-induced changes in the cholesterol composition of hamster lipoproteins suggests an effect on the intravascular processing of lipoproteins. For instance, higher LDL-C could be due to increased LDL production and/or decreased LDL clearance by receptors. Lower HDL-C could be due to decreased HDL-mediated cholesterol uptake from peripheral tissues. Alternatively increased cholesterol ester transfer protein activity could be responsible for the parallel increase in LDL cholesterol and lower HDL cholesterol.
It is known that viruses can cause perturbations of lipid metabolism in host cells. Some viruses increase the uptake of cholesterol and triglycerides in infected cells or in the cells of infected animals, and exert atherogenic effect. In vitro uptake of radiolabelled glycerol and fatty acids by African greenmonkey-kidney cells was increased after infection with measles virus. 17, 18 Also, the uptake of radiolabelled glycerol in triglycerides of adipocytes and liver of mice who had developed obesity due to Canine Distemper Virus (CDV) infection was four times greater compared to that observed in the uninfected control mice. 18 Cytomegalovirus (CMV) causes increased cholesterol uptake in the endothelial cells and thereby causes atherosclerotic lesions in the aorta of even normocholesterolemic rats. 19 Moreover, CMV antibodies were associated with coronary artery restenosis in patients undergoing angioplasty. 20 Herpesvirus infection increases aortic lipid accumulation by 2-3-fold in smooth muscle cells of chickens in vitro as well as in vivo.
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Cholesterol uptake by the smooth muscle cells infected with Herpes simplex virus is associated with increased activity of LDL receptor, and reduced hydrolysis and efflux of cholesterol esters. 24 Moreover, Feingold et al 25 showed increased hepatic lipid and cholesterol synthesis in mice injected with various cytokines such as tumor necrosis factor alpha, interleukin-1 and interferon gamma. Cytokines modulate the immune response of the body to infections. Feingold et al 25 argued that several cytokines increase hepatic lipid synthesis and block triglycerides uptake by adipocytes and this could explain hyperlipidemia seen in the majority of bacterial, parasitic and viral infections. Obviously, hyperlipidemia observed in many infections is in contrast with the lowering of serum cholesterol and triglycerides observed due to Ad-36 infection and the above-mentioned cytokines may not explain the Ad-36-induced hypolipidemia. In contrast, cytokine Interferon alpha (a glycoprotein secreted in response to a virus infection) when injected in human subjects lowers plasma cholesterol concentration. 26 It is unlikely that interferon secreted in response to SMAM-1 or Ad-36 virus infections reduced cholesterol levels in chickens, mice and marmosets infected with Ad-36. [6] [7] [8] Cholesterol lowering observed in humans by interferon injections lasted only while the interferon was administered and no reduction in serum triglycerides was observed. 26, 27 Whereas, Ad-36 induced reductions in both, serum cholesterol and triglycerides that lasted for as long as 22 weeks postinoculation of mice with Ad-36. 6 Characterization of its short-and long-term effect on lipoprotein metabolism is required to understand the lipid lowering mechanism of Ad-36. This may reveal the possible sites of action for hypolipidemic effects of Ad-36. Serum lipoprotein cholesterol composition of humans with Ad-36 antibodies is unknown. A similar shift to LDL cholesterol, if present, would be a cause for concern in these individuals despite relatively lower total cholesterol concentration. Further research is required to characterize the Ad-36-induced modulation of plasma lipids and to elucidate the mechanism. This study offers an animal model with a lipoprotein composition and response similar to humans, to study the phenomenon.
